Neste trabalho, as distribuições sazonais de Al, Ca, Cu, Fe, K, Mg, Na, Pb, Zn e de íons majoritários (Cl -, Cl -and PO 4 3-while the main organic anions were oxalate and formate. Atmospheric levels for elements were: Fe > Al > Ca > K > Na > Mg > Zn > Cu > Pb. Some sources were predominant for some species: (i) fuel burning and/or biomass burning (NO 3 -, HCOO -, C 2 O 4 2-, K + , Mg 2+ , Ca 2+ , Fe, Pb, Zn, Al, Ca, K and Mg), (ii) gas-to-particle conversion (SO 4 2-and NH 4 + ) and (iii) sea salt spray (Cl -, Na + and Na).
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Introduction
Atmospheric particulate matter (PM) plays an important role in both human health and climate of Earth. PM modifies the budget between scattering and absorption of solar radiation reaching the Earth's surface. These particles can also act as cloud condensation nuclei (CCN) and ice crystals regulating water cycle. [1] [2] [3] Airborne particulate matter is broadly accepted as a potent air pollutant in a typical urban location. It is generated from wide range of sources and contains numerous toxic substances. It triggers respiratory related diseases and impacts the human health. 4 There are several studies that deal with chronic and acute adverse health effects and particulate matter [4] [5] [6] [7] [8] even though our understanding of the exact causes and mechanisms of these effects still remains limited.
According to the World Health Organization (WHO), 4-8% of deaths occurring annually in the world is related to air pollution. 9 Coarse inhalable particles may be deposited in the upper respiratory tract whereas fine particles travel deeper into the lungs. Literature reports that the finest particles can reach alveolar regions but it is not obvious in which particular PM size range toxic substances are concentrated. 4 In several countries, policies of these emissions have been and/or are being established with the aim of facing environmental pollution. For instance, the legislation of European Union regulates PM10 level (particulate matter less than 10 mm in diameter) on a daily basis to be not higher than 50 µg m -3 (as well as it should not exceed more than 7 times per year) and an annual limit of 20 µg m -3 . 10 In the São Paulo metropolitan area (Brazil), mobile emissions are considered the main source of air pollution. In addition, meteorological conditions influence the pollutant concentrations mainly when other emission sources contribute to the air quality during the biomass burning season.
11
The aim of the present work was to study the seasonal distribution of selected trace elements (Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Pb and Zn) and water soluble ions (Cl -, PO 4 3- 
Experimental
Sampling, meteorological conditions and backward air mass trajectories São Paulo site (SPA) (23°33´S and 46° 44´W) is at approximately 800 m above sea level. The collection point in SPA site is located in a green area, within approximately 2 km of a major highway carrying relatively heavy traffic consisting of a mixed contribution of gasohol-, diesel-and ethanol-fueled vehicles. A high volume PM10 sampler (Energética, Brazil) with a size-selective inlet was placed in an open area on the roof of the Department of Atmospheric Sciences building (University of São Paulo), being about 20 m above ground level. Before collection, filters were heated at 800 °C for 8 h in order to remove any organic contaminants. Samples were collected twice a month from April 2003 to May 2004 (n = 28) for 24 h by filtration of the ambient air through a quartz fiber filter (20 cm × 25 cm; Energética, Brazil). The concentration of the suspended particles was calculated weighting the filters before and after collection. Just after each collection, filters were properly kept into refrigerator below -4 o C until analysis. Meteorological data such as temperature, relative humidity and precipitation of the period of sample collection were recorded by the climatological station from the Department of Atmospheric Sciences. The temperature varied from 12 to 28 ºC, relative humidity varied from 75 to 85%. More detailed meteorological information is described elsewhere.
11
Backward air mass trajectories by using HYSPLIT model (Hybrid Single Particle Langrangian Integrated Trajectory Model) (Air Resources Laboratory, NOAA, USA) were calculated for 96 h before the beginning of each sampling and at 500 m altitude. Four typical backward air mass trajectories arriving at São Paulo (Figure 1 ) site were observed: type 1, oceanic-continental (Southwestern Brazil) for 43% of trajectories (12 occurrences); type 2, oceanic-only for 25% of trajectories (7 occurrences); type 3, continental-only for 21% of trajectories (6 occurrences); and type 4, oceanic-continental (South America) for 11% of trajectories (3 occurrences). The type 1 trajectory was the most abundant of all trajectories but it is noted that there is an oceanic contribution for the majority of trajectories (by type 1, type 2 or type 4) which sum up to 79% of all trajectories. Since all trajectories were calculated 96 h before starting sample collection, they have originated in different places, bringing different contributions of air masses. For instance, type 1 trajectory which began on the Atlantic Ocean was most carried to the Southern Region of Brazil, and has probably contributed to particulate matter be aged and modified by typical urban and biomass burning releases before arriving at SPA site collection. Indeed, this trajectory has mainly contributed to mixed character (continental-oceanic) of air masses. The same condition was observed in other literature reports. 12, 13 Type 3 trajectory has begun on Brazilian West-Center Region until arriving in São Paulo. This is a region well-known to possess extensive areas of biomass (forest and sugar cane) burning and also bovine pasture. Type 2 trajectory is essentially oceanic and type 4 trajectory is a mix of continental South American (urban, agricultural and bovine pasture activities) and oceanic contributions. Nonetheless, since wind has also travelled extensively by ocean (types 1, 2 and 4), urban areas (types 1, 3 and 4), biomass burning (types 1 and 3) and agricultural areas (types 1, 3 and 4), there may have probably been contributed differently for emission of some of those species considered in this study.
Sample preparation and analyses
For extraction of ion species, sample and blank filters (cuts of 47 mm diameter) were extracted using a shaker for 90 min with 20 mL deionized water (18 MΩ cm -1 Recoveries ranged from 109 to 118% for inorganic anions, from 87 to 107% for carboxylic anions and from 80 to 101% for cations. Limit of detection (LOD; s/n = 4, signal-to-noise ratio) ranged between 3-45 (inorganic anions), 13-35 (organic anions) and 4-24 ng m −3 (cations). Blank values were subtracted from sample determinations. Fluoride and nitrite levels were found below LOD.
For metal and metalloid determinations, sample and blank filters were digested by using a closed-vessel microwave system (Multiwave 3000, Anton Paar, Austria), equipped with 16 fluoropolymer vessels and ceramic vessel jackets. They support maximum temperature and pressure of 240 ºC and 4 MPa, respectively. The internal temperature and pressure are monitored only in one controlling vessel using a sensor-protecting glass tube that enters directly in contact with digested solution. A circle filter piece (47 mm diameter) was transferred to the vessel and digested using oxidant mixture (3 mL HNO 3 + 2 mL H 2 O 2 + 2 mL H 2 O). The heating program was performed in three steps (temperature, ºC; ramp, min; hold, min): 1 (80; 5; 2), 2 (140; 5; 2) and 3 (190; 10; 30). There is a fourth step for cooling down the system through forced ventilation for 20 min. After digestion, samples and blank solutions were transferred to volumetric polypropylene tubes (Axygen Scientific, California, USA) and made up to 10 mL with deionized water. The solution was centrifuged for solid particle separation before analysis. A certified reference material of urban particulate matter SRM 1648a (NIST, USA) was also digested following the same procedure described for the samples.
A Spectro Ciros CCD ICP optical emission spectrometer (Spectro Analytical Instruments, Kleve, Germany) equipped with axially-viewed plasma was used. The spectrometer is equipped with a simultaneous CCD (charged-coupled device) solid state detector, polychromator and purged with argon and end-on gas interface for axially viewed configuration to minimize interference. The introduction system was composed of a double pass (Scott-type) spray chamber and a cross-flow nebulizer. The selection of spectral lines was based on spectrometer database. The setup of the ICP instrumental conditions for analysis was: power 1250 W, outer gas flow 12 L min One standard reference material (SRM) of urban particulate matter SRM 1648a (NIST, USA) was used to check the entire accuracy of the analytical method. The comparisons between experimental and certified values for all elements are in good agreement, considering student's t test at significance level of 95%.
Limits of detection (LOD) were calculated using the background equivalent concentration (BEC) and signal-to-background ratio (SBR):
where, C rs is the concentration of multi-elemental reference solution (10 mg L 
Statistical tests
Experimental data were analyzed by calculating the Spearman correlation coefficients using STATISTICA 6.0 (Statsoft, USA) program. Also principal component analysis (PCA) using Ward method and Euclidian distances were performed. Calculations were performed using the individual experimental values for each sample.
Results and Discussion
Trace elements and ion composition of PM10 samples
The seasonal distributed major ions and elements in PM10 samples are presented in Table 1 ion contribution (not measured in this study) to Scations. In the other seasons, Scations/Sanions ratios were higher than 1.0. In these cases, there is an anion deficiency maybe due to carbonate and bicarbonate ions (not measured in this work).
Ion diagnostic ratios (Table 4) were done in order to investigate how ion species are related to each other. NH 4 + /SO 4 2-ratio around the unity (1.0) gives the idea about secondary process (gas-to-particle conversion) via reaction between their vapor precursors (NH 3 18 (shown in Figure 2 -(by volatilization losses to form gaseous HCl) and Mg 2+ (by enrichment due to particle soil resuspension) quantities during types 1, 3 and 4 air mass trajectories (Figure 1 ) together to meteorological and topological condition changes.
Trace metals in aerosols are derived from a variety of sources which include the Earth crust, oceans, volcanic activity, the biosphere and a number of anthropogenic processes (e.g., fossil fuel burning, waste incineration, the processing of ores etc.). The degree to which a trace metal in an aerosol is enriched, or depleted, relative to a specific source can be assessed to a first approximation using an enrichment factor (EF). 19, 20 Figure 3 presents values higher than 10 for Zn, Pb and Cu which means that crustal origin is not significant for those metals. In this case, anthropic sources (biomass burning, vehicular emissions and industries) may account for them. In this way, soil resuspension seems to be important to those ones that EF value is smaller than 10 (Fe, Ca, K, Mg and Na).
Pearson correlation (95% confidence level) was calculated and Table 5 presents the PCA (95% confidence level) results for the studied species. Strong correlations between SO 4 2-and NH 4 + (r = 0.7) can indicate gas-to-particle -ratios > 1 in all seasons, it may seem that this additional source is their photochemical formation in atmosphere from precursors emitted directly such as olefins in situ oxidation. 13, 17 On the other hand, succinate was not well correlated with HCOO -(r = 0.1), with C 2 O 4 2-(r = -0.1) and with SO 4 2-(r = -0.2) but slightly correlated with CH 3 COO -(r = 0.4) which means that it was not emitted neither by vehicles nor by olefins in situ oxidation. Succinate can be emitted by the metabolism of bacteria and fungi [15] [16] [17] as it seems to have happened during collection period in the present study.
There were also observed weak-to-moderate correlations between NH 4 + and HCOO -(r = 0.2) as well as NH 4 + and C 2 O 4 2-(r = 0.5). Considering that NH 4 + levels were higher than SO 4 2-, there was enough NH 4 + for neutralizing other vapor acids. In this way, it is possible that the gaseous acids (formic acid and oxalic acid) have reacted with vapor NH 3 generating ammonium oxalate and ammonium formate. According to Yao et al., 17 the former is also a non-volatile salt that could suggest, together with ammonium sulfate, the gas-to-particle conversion contribution, while the latter is a volatile salt that could then regenerate their gaseous precursors.
Moderate-to-strong correlations (0.5 < r < 0. , Pb, Cu and Zn may show another source than soil suspension since Pb, Cu, and Zn had EF value higher than 10. This additional source is probably anthropogenic. Considering K + as a biomass burning tracer, it is possible to consider here that it was such a probable source for them. Moreover, since Fe and Al were also well correlated with Pb, Cu and Zn, biomass burning was also important for Fe and Al atmospheric levels.
PCA suggests three principal components for explaining the acquired data for ions and trace metals. Significant scores (95% confidence level) are in bold. Table 6 4 2-and NH 4 + , and PC3 represents Na + , Cl -and Na. Our group tentatively proposes that PC1 represents a mixed contribution of biomass burning (since K + is used as this source tracer) and/or automobile fuel burning, PC2 represents gas-to-particle conversion, and PC3 represents the sea spray contribution. These assumptions agree with the contribution of the four types of air mass trajectories discussed earlier. During biomass burning, it is difficult to distinguish releases due to burning by itself from soil suspension. Indeed, when biomass is being burnt, soil particles are suspended into fire and often biomass burning is associated with soil suspension. This may explain high scores for Al, Fe, Mg and Ca (soil suspension tracers) in PC1, as also observed by the EF value of them.
Dry atmospheric deposition fluxes (F d ) were calculated by multiplying the geometric mean particulate concentration in air of the element of interest by the elemental dry settling velocity.
21 Table 7 In a previous study done in July 2003 in São Paulo State, at SPA, Araraquara (ARQ) and Piracicaba (PRB) sites, sugar cane burning and industrial activities were the major emissions sources.
14 Burning of solid waste and biomass on small properties and at landfills was responsible for the high
Cl
-ion concentrations at SPA site. The abundance of NO 3 -, SO 4 2-and K + at ARQ site suggested that the atmosphere was influenced by vehicular and biomass burning emissions. The presence of NO 3 -, SO 4 2-, Fe, Al, Ca and K at the PRB site suggested that soil resuspension and sugarcane burning have strong influences. Despite the PM10 and species levels found in the intensive campaign were higher than those found in the different seasons; the main emissions sources were similar in both campaigns.
Conclusions
The present study showed that for NH 4 + and SO 4 2-, secondary process (gas-to-particle conversion) via reaction between their vapor precursors was one relevant ion source in PM10. Sea salt spray was a minor source for some ions (Cl , Fe, Pb, Zn, Al, Ca, K and Mg), (ii) gas-to-particle conversion (SO 4 2-and NH 4 + ) and (iii) sea salt spray (Cl -, Na + and Na).
